Climate and genotypes of Pneumocystis jirovecii  by Miller, R.F. et al.
Lanceﬁeld collection emm53-ST11 isolate. The new
subtypes and sequence types from this study have
been submitted to the central worldwide database.
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ABSTRACT
This study explored whether seasonal and ⁄ or
climatic factors inﬂuenced detection of speciﬁc
genotypes of Pneumocystis jirovecii. Between 1989
and 2001, 155 isolates of P. jirovecii were obtained
from patients undergoing bronchoscopic alveolar
lavage. For each isolate, the month and climatic
conditions were noted. Genotypes of P. jirovecii
were distinguished by polymorphisms in the
mitochondrial large-subunit rRNA gene. There
were monthly and seasonal variations in the
frequency of detection of mixed genotypes
(p 0.018 and p 0.031, respectively) and genotype
2 (p 0.029 and p 0.086, respectively). There was no
association between month ⁄ season and genotypes
1, 3 and 4, or between monthly temperature or
rainfall and any genotype.
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Pneumocystis is a fungus of the phylum Ascomy-
cota [1]. Clinical disease is thought to arise from
de-novo infection, probably acquired via airborne
exposure [2]. Climatic factors, including tempera-
ture and humidity, are associated with variations
in concentrations of ascomycetous and other
fungi in air [3,4]. Seasonal variations in the
incidence of Pneumocystis pneumonia (PCP) occur
in humans [5–9], and seasonal variations in the
detection of Pneumocystis have been described in
ﬁeld voles, common shrews [10], Japanese ﬁeld
mice [11] and crab-eating macaques [12]. Geno-
typic variation has been described among isolates
of Pneumocystis jirovecii in the UK [13], but it is not
known whether speciﬁc genotypes of P. jirovecii
predominate at different times of the year [6–8].
The present study examined whether the season
of the year and ⁄ or climatic factors (temperature
and rainfall) were associated with the identiﬁca-
tion of speciﬁc genotypes of P. jirovecii.
Between January 1989 and November 2001, 155
isolates of P. jirovecii were obtained from 155
patients undergoing bronchoscopic alveolar lava-
ge for investigation of respiratory symptoms; 120
patients, of whom 115 were infected with human
immunodeﬁciency virus, had PCP, and 35 (18
infected with human immunodeﬁciency virus)
were colonised with P. jirovecii (as deﬁned previ-
ously) [13,14]. Genotyping of 152 of these isolates
has been described previously [13]. Extraction of
P. jirovecii DNA from bronchoalveolar lavage
ﬂuid samples and DNA ampliﬁcation were per-
formed as described previously [13] and the
amplicons were sequenced [14]. Polymorphisms
at positions 85 and 248 of the mitochondrial large-
subunit rRNA gene were used to distinguish
genotypes of P. jirovecii [15]. For each of the
167 months of the study, climatic data, compri-
sing mean maximum and minimum tempera-
tures, from which the average temperatures
were calculated, and total rainfall (mm), were
obtained for London from the Meteorological
Ofﬁce (http://www.metofﬁce.gov.uk/climate/
uk/stationdata/greenwichdata.txt).
A possible association between season and
climatic factors and the identiﬁcation of speciﬁc
P. jirovecii genotypes was tested in three ways:
(i) seasonal trends were assessed by calendar
month and by season; (ii) associations with
climatic factors were explored; and (iii) a periodic
pattern of incidence over the year (a single peak
and a single trough, 6 months apart) were tested
by including sine and cosine terms in a regression
model. These analyses were based on Poisson
regression, adjusting for year and for the area of
residence of patients, assuming independence of
events, and were tested through the ‘goodness
of ﬁt’ of the model. Statistical analyses were
performed using STATA v.9 (Stat Corp., College
Station, TX, USA), with p <0.05 considered sig-
niﬁcant.
Sixty-one isolates of P. jirovecii were genotype 1
(14 patients were colonised), 40 were genotype 2
(nine patients were colonised), 30 were genotype
3 (ﬁve patients were colonised), and eight were
genotype 4 (six patients were colonised); 16 cases
were ‘mixed’, yielding two genotypes (one patient
was colonised). Mixed genotypes showed a sig-
niﬁcant association with calendar month and with
season (p 0.0818 and p 0.031, respectively). There
was a signiﬁcant association between detection of
genotype 2 and the calendar month of isolation
(p 0.029), and some evidence of an association by
season (p 0.086) (Table 1). No association was
Table 1. Association between calendar month, mean tem-
perature and total rainfall and the detection of speciﬁc
genotypes of Pneumocystis jiroveciia
Genotype of
P. jirovecii
Calendar
month
(January–
December) Season
Relative risk (95% CI) and p value
Temperature
(increase of 10C)
Rainfall
(increase of 10 cm)
Genotype 1 p 0.204 p 0.317 0.350 (0.023, 5.323)
p 0.449
1.199 (0.518, 2776)
p 0.672
Genotype 2 p 0.029 p 0.086 21.618 (0.74, 625.303)
p 0.073
0.496 (0.156, 1.571)
p 0.233
Genotype 3 p 0.178 p 0.295 0.192 (0.004, 9.739)
p 0.410
1.153 (0.339, 3.916)
p 0.820
Genotype 4 p 0.156 p 0.295 19.155 (0.011, 32 500.84)
p 0.436
0.064 (0.002, 1.780)
p 0.117
Mixed
genotypes
p 0.018 p 0.030 8.897 (0.046, 1721.825)
p 0.416
2.517 (0.513, 12.338)
p 0.255
All genotypes p 0.999 p 0.999 1.463 (0.270, 7.927)
p 0.659
0.947 (0.550, 1.630)
p 0.844
aAnalysis was based on disaggregated climate and P. jirovecii detection data for the
167 months of the study, adjusted for year of detection and for area of residence
(North, South, East or West London or ‘other’ (i.e., outside London).
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identiﬁed between frequencies and month of
detection for genotypes 1, 3 and 4.
There was some evidence of a positive associ-
ation between the frequency of isolating genotype
2 and average temperature (p 0.073), but not with
rainfall (p 0.233) (Fig. 1, Table 1). There was no
association between average temperature or rain-
fall and frequency of detection of genotypes 1 and
3, or mixed genotypes. There were too few
samples of genotype 4 to show an association.
There was a periodic pattern in incidence for
genotype 2. For each Poisson model, the ‘good-
ness of ﬁt’ was found to be adequate overall and
also for individual genotypes.
There was evidence of an association between
detection of mixed genotypes or genotype 2 and
the month ⁄ season of the year, with some evidence
of an association between detection of genotype 2
and the average monthly temperature. Genotype
1, the genotype identiﬁed most commonly,
appeared to peak in May, and was least common
in January and August–September. While its
frequency did not show a statistical association
with the climatic factors considered, season, or a
periodic pattern, its relationship to other climatic
or seasonal phenomena requires further investi-
gation. The observed seasonal variation in detec-
tion of mixed genotypes and genotype 2 suggests
that different genotypes of P. jirovecii may have
differing physical requirements for survival in the
environment and ⁄ or for transmission of the
organism.
Previous studies have demonstrated seasonal
variations in the incidence of PCP. The Multicen-
tre AIDS Cohort Study (MACS), which investi-
gated patients in four North American cities,
revealed that PCP diagnosis peaked in May–June
and was lowest in November–December [5]. In
the MACS study, the overall incidence of PCP
was greater in colder cities (Pittsburgh and
Chicago) than in warmer cities (Los Angeles and
Baltimore) [5]. A similar observation has been
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Fig. 1. Detection of speciﬁc genotypes of Pneumocystis jirovecii by calendar month and by monthly average temperature
(broken line) and rainfall (solid line). Graphs are based on aggregated data in order to describe the frequency of detection
by calendar month (January–December).
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reported for several European countries [16], and
a previous study from London (1989–1991)
showed similar seasonal peaks in June–July and
September, following periods with low rainfall
and temperatures of <13C [6]. A study from
Geneva also showed peaks in incidence of PCP in
June–September [7]. In contrast, no correlation
with temperature, but a correlation with low
rainfall, was identiﬁed elsewhere in London [8],
and an inverse correlation between incidence of
PCP and mean temperature, with a peak in the
winter months when the mean minimum tem-
perature was between 12C and 14C, was
observed in southern Spain [9].
Evidence of the inﬂuence of climatic factors
on the detection of speciﬁc types of Pneumocystis
has recently been described [17]. Fluctuations
in the prevalence of Pneumocystis carinii and
Pneumocystis wakeﬁeldiae within a laboratory rat
colony were observed over a 6-year period.
Higher relative humidity was associated with
the isolation of P. carinii, and higher temperature
with the isolation of P. wakeﬁeldiae. The coexist-
ence of high relative humidity and temperature
(which occurred during the summer months at
the study site) was associated with detection of
both species [17].
In summary, these data suggest that season,
and possibly climatic factors, may inﬂuence detec-
tion of speciﬁc genotypes of P. jirovecii. Further
studies using multilocus genotyping [14] and
larger numbers of samples are needed in order
to explore the inﬂuence of season and climate on
detection of particular ‘strains’ of P. jirovecii.
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